Marine survival and recruitment of Atlantic salmon (Salmo salar) are commonly thought to be influenced by linkages between marine temperature and growth. Salmon are opportunistic feeders that are likely to be affected by the quality and quantity of prey available. During the marine phase, salmon often target larger zooplankton and fish, with a preference for fish over crustaceans. European salmon recruitment appears to be linked to forage abundance, which affects post-smolt growth critically during the first summer at sea, but similar linkages have not been shown for North American populations. Here, trophic differences within and among populations and life stages of Atlantic salmon during the freshwater and marine life-history phases are investigated. Stable isotope methods were used to characterize trophic dynamics by sampling smolts and returning adult survivors from rivers spanning a broad geographic range in Canada (southern Labrador to the Bay of Fundy), as well as non-maturing salmon sampled at West Greenland. Analyses indicate that salmon undergo a marked change in feeding as they migrate from freshwater and show the expected high reliance on pelagic foodwebs in the marine environment. Documented changes in ocean climate, pH, and the possibility of regime shifts are likely to have significant impacts on pelagic feeding fish, including Atlantic salmon. Due to the similar marine feeding ecology suggested here for adults from different age groups, these changes could have a widespread effect on multiple life-history stages of Atlantic salmon.
Introduction
Atlantic salmon (Salmo salar) are opportunistic feeders both in freshwater and at sea. In freshwater, juvenile salmon utilize a variety of habitats requiring different feeding strategies for benthic, pelagic, or surface-drifting prey (Thonney and Gibson, 1989; Johansen et al., 2011) , with seasonal differences in prey species utilization (Amundsen et al., 2001; Grader and Letcher, 2006) , and habitat shifts to facilitate active feeding (Stradmeyer and Thorpe, 1987; Erkinaro et al., 1998) . Protein and lipid levels vary among juveniles from different habitats, with resulting differences in overall growth and energy status (Cunjak, 1992; Erkinaro and Niemelä, 1995; Dempson et al., 2004) . In the marine environment, Atlantic salmon reportedly feed on .40 fish species, or species groups, and invertebrates from at least ten taxonomic groups (Rikardsen and Dempson, 2011) . Ontogenetic shifts in diet arise as smolts enter nearshore marine areas and target small fish and invertebrates, with subsequent adult stages in oceanic regions consuming larger fish, but fewer invertebrates. Feeding differences have been reported by season and between salmon from the Northeast and Northwest Atlantic. However, it has also been noted that regardless of life stage, geographic area, or season, a few prey species comprise the most common items recorded in the diet of salmon (Lear, 1972; Jacobsen and Hansen, 2000; Sturlaugsson, 2000; Rikardsen et al., 2004; Haugland et al., 2006; Rikardsen and Dempson, 2011) . Diet studies in the Northwest Atlantic found that capelin (Mallotus villosus), Atlantic herring (Clupea harengus), sand lance (Ammodytes spp.), barracudinas (Paralepis coregonoides and Arctozenus risso), hyperiid amphipods (Themisto spp.), euphausiids (Meganyctiphanes norvegica), and Arctic squid (Gonatus fabricii) were the prey most commonly found in salmon stomachs, and there seems to be greater emphasis on piscivory than in the Northeast Atlantic (Templeman, 1967 (Templeman, , 1968 Lear, 1972 Lear, , 1980 . Larger salmon also consume a greater proportion of fish than smaller salmon (Lear, 1972; Rikardsen and Dempson, 2011) .
Feeding studies such as those noted above depend on timespecific samples of stomach contents that reflect a snapshot of recent dietary information. In contrast, stable isotope analyses of carbon and nitrogen yield an integrated perspective of diet assimilated over a much longer period (Fry and Sherr, 1984; Peterson and Fry, 1987) . Nitrogen isotope analyses provide insight into the trophic position within a foodweb, and carbon values reflect dietary source information (e.g. freshwater vs. marine feeding, benthic vs. pelagic food sources). Hence, stable isotope analyses are better suited for characterizing longer-term changes in feeding and trophic position across life stages and among populations.
Differences in marine feeding stable isotope values have been found among years within populations and among different stocks of salmon (Trueman and Moore, 2007; Sinnatamby et al., 2009; Dempson et al., 2010) . Those studies, however, did not consider trophic linkages or shifts in identifiable populations of salmon moving between freshwater and marine environments. Owing to the variability in freshwater habitats and differences in smolt size throughout Atlantic Canada, our aim here was to characterize measured stable isotope variations and changes in the trophic position of Atlantic salmon in marine foodwebs within and among Atlantic salmon populations by sampling smolts and returning adult survivors from across a broad geographic range in eastern Canada. In conjunction with stable isotope data for marine life-history stages from samples obtained at West Greenland, life-stage-specific differences and shifts in trophic position are examined and used to elucidate changes in the degree of pelagic-benthic coupling and omnivory among studied populations and between life stages.
Material and methods
A minimum of 30 smolts was sampled from 15 rivers during a Canadian in-river survey in spring 2008. Scale samples were removed and preserved (dried) for age determination and stable isotope analyses, and weight (g) and fork length (mm) were recorded. In general, smolt age varied from 2 to 3 years for rivers in the Maritime Provinces, from 3 to 4 years in Québec and Newfoundland, and from 4 to 6 years in Labrador. In summer 2009, similar sizes of samples of returning one-sea-winter (1SW) adult fish were captured, measured (fork length, mm), and sampled, with scales similarly removed and preserved for stable isotope analyses. In 2010, samples from returning 2SW adult fish were obtained from a subset of those rivers which have a significant proportion of older sea-age adults in the run. Sampled rivers were selected from the key salmon-producing regions in eastern Canada, including the Maritime Provinces, Québec, insular Newfoundland, and the Labrador coast (Table 1, Figure 1 ).
In addition, in 2009, samples of non-maturing adult salmon were obtained from West Greenland under the auspices of the SALSEA Greenland initiative through partnerships developed with local fishers who facilitated access to fresh, whole (nongutted) Atlantic salmon. Fork length (mm), weight (kg), and sex Characterizing trophic position of Atlantic salmon from freshwater to marine phases were recorded, and scales were sampled for stable isotope analysis. To ensure appropriate separation by continent of origin, a tissue sample for genetic analysis to determine European or North American origin was also collected from all fish (Sheehan et al., 2010) . The results of genetic analyses were made available to this study for classification purposes before the completion of appropriate statistical analyses.
Stable isotope analyses
Following procedures defined in Sinnatamby et al. (2009) , between 5 and 15 scales per fish were cleaned to remove any surface residue by soaking in deionized water and gentle rubbing between the forefinger and thumb, or scraping with a scalpel. For smolts, whole scales were retained for analysis. For 1SW adults, the riverage portion of each scale was identified under magnification and separated from the marine-age portion using a scalpel (Power, 1987) , whereas for 2SW adults, the freshwater zone and the portion of the scale representing the first summer and winter at sea were removed such that the remaining material represented the collagen accreted from the beginning of the second summer at sea to the date of capture. Scales were not acidified, because comparative analyses of Atlantic salmon scales have noted no significant influence of the inorganic fraction of the scale on the resulting stable isotope value (Sinnatamby et al., 2007) . Adult scale portions and whole smolt scales were dried after cleaning and cut using sterile laboratory scissors. Approximately 1. Table 1 from which smolts were sampled. A subset of these, not including 10 and 15, was sampled for returning 1SW adults. A second subset, including 3, 8, and 11-14, was sampled for returning 2SW adults.
Waterloo (Waterloo, Ontario, Canada). Measurement accuracy was established through the repeat analysis of internal laboratory standards calibrated against International Atomic Energy Agency standards CH6 for carbon and N1 and N2 for nitrogen. Analytical precision was additionally assessed by the repeat analysis of one in ten samples. All results are expressed here in conventional delta notation (d) relative to Peedee Belemnite limestone for d 13 C (Craig, 1957) and atmospheric nitrogen for d 15 N (Mariotti, 1983) .
Stable isotope analytical methods
The extent of omnivory was established using the variance of the d
15 N values computed for life stage and region-related Atlantic salmon groups (Jennings and Warr, 2003; Bearhop et al., 2004; Sweeting et al., 2005) , because the variance is considered to be among the best measures of trophic niche width, or vertical diversity, within the foodweb (Layman et al., 2007) .
Dietary studies based on analysis of stomach contents have found that Atlantic salmon in the Northwest Atlantic rely heavily on pelagic prey (Templeman, 1967 (Templeman, , 1968 Lear, 1972 Lear, , 1980 . Although such data provide detailed snapshots of shortterm feeding patterns, they do not contribute to the understanding of the temporal consistency of feeding or the importance of primary production in discrete oceanic foodwebs (i.e. benthic or pelagic) for supporting Atlantic salmon production in the marine environment. To establish the temporal consistency of pelagic prey use and the extent of pelagic-benthic coupling, stable isotope data were used in a standard two-source mixing model adapted from Sherwood and Rose (2005) and Søreide et al. (2006) under the assumption that energy flows within the marine environment moved in a typical chain of predation from primary producers through grazers to larger predatory organisms such as Atlantic salmon (Kline et al., 1998; Søreide et al., 2006) . Percentage reliance on pelagic carbon was computed as
where
13 C B , D, and TF, respectively, are the mean d
13 C values for the Atlantic salmon being analysed, pelagic and benthic primary consumer end-member values for the model, the trophic fractionation between the base of the foodweb and the consumer, and the tissue-specific fractionation between dorsal muscle and scales in Atlantic salmon.
Values for the pelagic and benthic primary consumer endmembers were culled from literature-reported d 13 C data for pelagic (e.g. copepods) and benthic (e.g. snails, crabs) organisms from the Newfoundland and Labrador continental shelf (Sherwood and Rose, 2005) , the West Greenland continental shelf south of 608N (Møller, 2006) , and coastal areas bordering the western Labrador Sea (Nain to southern Baffin Island) obtained from our own unpublished data. Although organisms of a higher trophic level integrate d 13 C spatially and temporally (Barnes et al., 2009) , geographic and temporal comparisons of d 13 C at lower trophic levels have shown variability in isotope values among geographic regions, but not among years within regions (Rau et al., 1982; Goericke and Fry, 1994; Schell et al., 1998) . To test for the need to correct for spatial variability, available data were grouped by region of origin (e.g. Baffin Island, Nain, Newfoundland and Labrador continental shelf, West
Greenland continental shelf) and tested for differences by analysis of variance (ANOVA). There were no significant differences in either the pelagic (F 3,11 ¼ 2.73, p ¼ 0.095) or the benthic (F 3,24 ¼ 2.57, p ¼ 0.078) regional values, facilitating the averaging of values across all regions to obtain a single pelagic and benthic endmember value for subsequent percentage reliance on pelagic carbon computations. The resulting pelagic (d 13 C P ) and benthic (d 13 C B ) end-member values used were 222.7 + 0.1‰ and 217.0 + 0.1‰ (mean + s.e.). To test the sensitivity of the model to the selected end-member values, computations were repeated using the means + their estimated s.e. values.
Trophic fractionation (D) between the base of the foodweb and Atlantic salmon was then computed assuming a change of 0.8‰ per trophic level, as reported in Sherwood and Rose (2005) , and a minimum of three trophic levels between Atlantic salmon and the base of the foodweb. An adjustment for TF was further necessitated by known differences in the reported isotope values for salmonid muscle and scale tissue (Satterfield and Finney, 2002; Trueman and Moore, 2007; Sinnatamby et al., 2009 ) and the initial development of mixing models for application to muscle tissue data (Kline et al., 1998) . In this case, TF was calculated to be 4.53‰.
Statistical analyses Canadian populations
Probable differences in natural ecosystem isotopic baselines and the extent of unmeasured anthropogenic influences on freshwater ecosystems (Post, 2002) precluded realistic testing of amongpopulation differences for smolts, but not for returning adults that have spent .1 year within largely similar marine environments (Dempson et al., 2010) . Before statistical analysis, data were assessed for compliance with the homogeneity of variance and normality assumptions required of many statistical tests. Where the assumptions were violated, data transformations (e.g. logarithmic or arcsine) were used (Sokal and Rohlf, 1995) . Maximal Type-1 error rates in all statistical testing were set at a ¼ 0.05.
Differences between sexes were tested using one-way ANOVA. Differences within and among groups (river, life stage, and region) were examined using ANOVA, with length of individuals or sex as a cofactor where appropriate. The relationship between isotope values and river (random) and region (fixed) was examined using a nested ANOVA. ANOVA tests were followed by Tukey's HSD test adjusted for unequal sample sizes (Spjotvoll and Stoline, 1973) . The Tukey procedure is considered conservative when sample sizes are unequal (Neter et al., 1996) .
The significance of differences between the mean and variance of isotope values of river-specific smolts and adults were established using two-sample t-tests adjusted for tested differences in variance, as determined using Levene's test (Zar, 2010) . Multiple comparisons of variance were completed following procedures described in Levy (1975) , as recommended by Zar (2010) . The significance of correlations between obtained isotope values and length and between percentage reliance on pelagic carbon and length, were tested using linear regression. All data were further assessed for normality using goodness-of-fit testing following methods described in D'Agostino and Stephens (1986).
West Greenland
Statistical procedures similar to those applied to adult Canadian river fish data were used on the West Greenland fish data.
Characterizing trophic position of Atlantic salmon from freshwater to marine phases Differences between sexes were tested using one-way ANOVA. Differences within and among life-stage groups were examined using ANOVA, with length or sex as a cofactor where the ANOVA indicated a significant influence, followed by Tukey's HSD test adjusted for unequal sample sizes (Spjotvoll and Stoline, 1973) . The significance of correlations between obtained isotope values and length, and between percentage reliance on pelagic carbon and length, were tested using linear regression.
Results
In all, 442 smolts were sampled from the 15 Canadian rivers in 2008. The average fork length was 144 mm (s.e. ¼ 1.2), with the largest smolts in eastern Newfoundland (mean + s.e., 158 + 1.9 mm) and the smallest from the western Gulf of St Lawrence (127 + 1.0 mm). In 2009, only 13 of 15 target rivers were sampled successfully for 1SW adults (n ¼ 368) owing to the logistics associated with arranging contemporaneous sampling. 1SW salmon averaged 543 + 1.6 mm in length, with smaller fish in eastern Newfoundland (522 + 2.5 mm) and the largest found in the western Gulf of St Lawrence (557 + 2.4 mm). In 2010, 183 2SW fish were obtained from the six rivers in which older adults were prevalent in the run (Table 1 ). The largest 2SW salmon were also from the western Gulf of St Lawrence (766 + 2.8 mm), whereas 2SW samples from Nova Scotia were the smallest (727 + 4.7 mm). In all, 412 Atlantic salmon were sampled at West Greenland in 2009. Of these, 317 1SW and 22 2SW fish were identified by genetic testing as being of North American origin and were retained for subsequent comparative statistical analyses. Retention of only fish of North American origin was designed to minimize possible confounding analytical problems associated with known large-scale spatial variation in the stable isotope values recorded at lower trophic levels (Schell et al., 1998) .
Canadian populations
Sex and length were not significantly related to the pattern of variation observed in stable isotope values when the data were grouped by life stage; sex explained none of the variation and length only a minor part (,4%) in the few instances where there were significant correlations. Similarly, the region of origin was not a significant explanatory factor for any of the observed stable isotope variation, with variation among rivers within a region always dominating (ANOVA p , 0.001) variation among regions (ANOVA p ≥ 0.234) in a nested ANOVA design. As a result, sex, length, and region were not retained in subsequent statistical analyses of d Table 2 ). When both life stages were combined in a two-way ANOVA, river was no longer statistically significant for d 15 N, whereas life stage was not significant for d 13 C (Table 2) . However, there were significant interactions for both d 13 C and d 15 N (Table 2) . In contrast to the stable isotope data, reliance on pelagicsourced carbon varied significantly with length (regression F 1542 ¼ 88.72, p , 0.001) in both 1SW and 2SW fish, declining as fish length and sea-age increased (Table 3) . Hence, among Canadian adult populations, percentage reliance on pelagicsourced carbon ranged from a low of 74.1% in fish originating from the Nashwaak River (map code 13) to a high of 85.9% in fish from the Sand Hill and Conne rivers (map codes 1 and 6), and among 1SW fish, there was a significant river effect (ANOVA F 12353 ¼ 14.10, p , 0.001). Similarly, among 2SW salmon, there was a significant river effect (ANOVA F 5170 ¼ 14.39, p , 0.001). When percentage pelagic-sourced carbon was combined in a two-way ANOVA (sea-age fixed and river random), there was no significant interaction (ANOVA F 5332 ¼ 2.15, p ¼ 0.060; Table 4 ). On average, percentage reliance on pelagic-sourced carbon decreased from 81.4 + 0.3% in 1SW fish to 78.3 + 0.4% in 2SW, an overall change of 3.1% commensurate with a 39.5% increase in mean fish length (Table 3) . Variation in the assumed end-members used in the computations yielded similarly high reliance on pelagic-sourced carbon, with percentage reliance declining and the coefficient of variation in the reliance measure increasing with size.
Greater variance in stable isotope measures was observed among river-specific populations at the smolt stage than as adults (Figure 2) , with maximum differences in d 13 C and d
15
N, respectively, falling from 7.3 to 0.6‰ and from 2.0 to 1.3‰ (Figure 3) . As a result, the variation observed among all populations fell by 85 and 27% for d 
West Greenland
Compared with known-origin Canadian fish, 1SW non-maturing salmon captured at West Greenland were significantly larger (656 + 1.8 vs. 543 + 1.7 mm, ANOVA p , 0.001) than Canadian 1SW, but smaller than 2SW salmon sampled in rivers (757 + 2.4 mm, ANOVA p , 0.001; 
Discussion
Multiple life-stage stable isotope values from Atlantic salmon obtained from a variety of Canadian rivers were contrasted to values obtained from fish caught at West Greenland. Differences were found among identifiable populations, regions (Canada vs. West Greenland), and life stages. The largest single change by life stage was during the transition from freshwater feeding, as measured by smolts, to returning 1SW fish, and this was manifest most clearly by the change in the variation about the mean d 13 C values. Although fish that do not return after a single year at sea continue to have changing stable isotope values, such changes are small, often statistically non-significant, and suggest only minor differences in marine feeding. The most notable of the changes associated with increasing age is the increase in length that appears to correspond to a decrease in reliance on pelagicsourced carbon. Table 4 . ANCOVA of the use of pelagic-sourced carbon for Atlantic salmon using river as a random factor and life stage as a fixed factor for Canadian populations and life stage as a fixed factor for West Greenland samples. Life-stage scenario describes the end-member scenario used to compute P%, with the mean scenario using the mean end-member values as reported in the text and the low and high scenarios, respectively, using the mean end member value + 1 s.e. FL defines fork length (mm), and CV the coefficient of variation in percentage terms for the relevant P% computations.
Characterizing trophic position of Atlantic salmon from freshwater to marine phases
Variation among Canadian populations
The large increase in d
15
N exhibited between freshwater smolts and marine 1SW fish is indicative of an increase in trophic level. This is to be expected because as salmon grow, the range of available prey sizes also increases, and larger salmon tend to prefer larger prey (Cohen et al., 1993; Keeley and Grant, 2001; Rikardsen and Dempson, 2011) . A shift from small insects and crustaceans to piscivory during Atlantic salmon ontogeny has been demonstrated (Dutil and Coutu, 1988; Keeley and Grant, 2001; Salminen et al., 2001) . The large decrease in variability of d 13 C from smolts to adults (Figure 2 ) may be symptomatic of a limitation in the carbon sources at the base of the available foodweb. In freshwater, smolts are exposed to a multitude of carbon sources in the form of autochthonous benthic and pelagic primary producers, and allochthonous carbon from the watershed (Doucett et al., 1996) . Further, within the freshwater environment, fish often play key integrative roles between pelagic and benthic foodwebs (Vander Zanden and Vadeboncoeur, 2002) .
When salmon migrate to the ocean, feeding becomes restricted to organisms tightly integrated into the pelagic foodweb that relies on phytoplankton as the basal carbon source. The pelagicdependence hypothesis is supported by the mixing-model analysis that indicates long-term reliance on pelagic carbon sources, with at least 76% of the diet of 1SW and 2SW salmon from Canadian rivers being derived from the pelagic environment (Table 3) . Snapshot views of feeding dependence from available stomachcontent data for the Northwest Atlantic corroborate the mixingmodel results found here. For example, in the studies of Lear (1972 Lear ( , 1980 , pelagic-feeding fish species made up the majority of the diet of salmon, with zooplanktivorous capelin dominating in terms of both prey weight and numbers. Pelagic-feeding herring, barracudinas, and lanternfish (Benthosoma glaciale, Hierops arctica, Lampanyctus sp., and Notoscopelus sp.) were also prey items (Templeman, 1967 (Templeman, , 1968 Lear, 1972 Lear, , 1980 Rikardsen and Dempson, 2011) . Pelagic-feeding invertebrate taxa were also found in the stomachs of captured salmon, and included hyperiid amphipods, euphausiids, and Arctic squid (Templeman, 1967 (Templeman, , 1968 Lear, 1972 Lear, , 1980 Rikardsen and Dempson, 2011) . Pelagic organisms also dominate in stomach-content data reported from the Northeast Atlantic Hansen, 2000, 2001) . Collectively, the stable isotope and gut content data point to high and consistent reliance on pelagic foodwebs by marinefeeding Atlantic salmon. Populations that display a large degree of omnivory generally demonstrate a greater variance in their d
15 N isotope values compared with more specialist populations, allowing d 15 N to be utilized as an index of omnivory (Bearhop et al., 2004; Dempson et al., 2010) . There was a decrease in the variance of d 15 N exhibited between the smolts and 1SW fish overall, but for some rivers (Campbellton, Exploits, La Have, St Jean, and Upsalquitch), no significant changes in d N variation between smolt and adult life stages indicate that in the marine environment many, but not all, salmon maintain a degree of foodchain omnivory at sea, but in the context of carbon sources, they are highly dependent on the pelagic foodweb.
The 1SW and 2SW Canadian salmon showed evidence of riverspecific differences, although the fish had been feeding in a largely homogeneous ocean environment for at least a year (Table 2) . Data repeated here paralleled that of Sinnatamby et al. (2009) , with values for commonly studied rivers (Conne, Western Arm Brook, de la Trinité) all falling well within the range of values reported for their longer-term study. Differences in marine migration routes and associated differences in early marine feeding opportunities, genetic origins, linkages to growth dynamics developed during the freshwater stage, and random sampling effects provide plausible explanations for the among-river differences. Temporal analyses of scale data from Canadian rivers have similarly indicated variability among rivers and within rivers among years, with no consistent patterns evident (Sinnatamby et al., 2009 ). When age is added to the analysis, an interaction between life stage and river becomes evident and means that it is not possible to directly interpret any river-origin effect ( Table 2) .
Variability of salmon at West Greenland
The 1SW (non-maturing) salmon sampled at West Greenland were significantly larger than 1SW Canadian river adults. This may reflect the fact that although both populations were partitioned by sea age, salmon at West Greenland experience a period of prolonged feeding compared with fish that have returned to rivers to spawn. Canadian river adults were sampled earlier in the year (mainly in June and July), whereas the West Greenland fish were sampled later (in August and September), before the fish spending a second winter at sea.
Life stage was a significant determinant only of d
15
N isotope values, although both d
C and d

15
N exhibited an increase between 1SW and 2SW fish. The results suggest that although age (size) means that a greater range of prey sizes can be consumed and increases omnivory, changes arise exclusively within the context of the pelagic foodweb, with the consequence that more than 89% of the diet of salmon at West Greenland was derived from pelagic sources. (Table 1) . This indicates that increasing time spent at sea has little effect on diet when compared with the change from freshwater to marine feeding. Results from the mixing model showed a marginal decrease in percentage reliance on pelagic carbon between 1SW and 2SW fish for both Canadian rivers and West Greenland (from 81.4 to 78.3% and from 90.6 to 89.2%, respectively; Table 3), with changes being correlated with increases in body size. Hence, increases in body size allow 2SW salmon to occupy a slightly higher trophic position, either as a result of size-related abilities to increase the size spectrum of prey consumed or as a result of abilities to capture prey more closely connected with benthic foodwebs. For example, Jacobsen and Hansen (2001) reported that 3+SW fish caught in the Norwegian Sea north of the Faroe Islands exhibited a shift in diet towards larger prey and greater piscivory compared with 1SW and 2SW fish. Lear (1972) also noted a shift in diet between small and large salmon captured in the Northwest Atlantic from predominantly capelin, with some sand lance, barracudinas, herring, amphipods, and euphausiids, to greater piscivory, focusing on capelin and herring. As body size is often correlated with trophic level (Jennings et al., 2001) , the net result of increasing use of larger prey is a concomitant increase in d 
Conclusions
Collectively, the isotope data point to a marked change in the range of carbon sources utilized by Atlantic salmon as they enter and feed in the marine environment. As smolts, salmon show wider variability in d 13 C, which is reflective of benthic -pelagic coupling in the freshwater feeding environment (Doucett et al., 1996; Vander Zanden and Vadeboncoeur, 2002) . In the marine environment, there is a significant reduction in d 13 C variability, with the high reliance on pelagic-sourced carbon indicating high connectivity to pelagic oceanic foodwebs. This is further supported by the common prey types found in salmon stomachs, including herring, sand lance, capelin, and planktonic amphipods (Rikardsen and Dempson, 2011) . Hence, relative to the environment in which they are feeding, Atlantic salmon move from generalist feeders in multiple freshwater foodwebs to functioning mainly within the pelagic foodwebs of the marine environment, and in which they often feed on only a few prey types at any particular time, regardless of life stage (Renkawitz and Sheehan, 2011; Rikardsen and Dempson, 2011) .
The resulting trophic bottleneck may hold significant implications for marine survival, especially in light of the documented changes currently taking place in the marine environment. For example, long-term declines in phytoplankton production (Boyce et al., 2010) are likely to have consequences for pelagicfeeding fish, including salmon. Similarly, demonstrated changes in ocean climate (Drinkwater, 1996; Beaugrand, 2003; Colbourne, 2004) , the possibility of other regime shifts (Lees et al. 2006) , and changes in ocean pH (Fabry et al., 2008; National Research Council, 2010) connected to declines in zooplankton abundance will have similar impacts on pelagic-feeding fish, including Atlantic salmon. Moreover, if the patterns of feeding ecology are similar among Atlantic salmon age groups in Characterizing trophic position of Atlantic salmon from freshwater to marine phases the marine environment, as has been suggested here, large-scale oceanic changes acting on one age group are likely to similarly affect other age groups and may hold important implications for perceptions about the fate of 1SW fish, given the recent significant variations and declines in 2SW salmon abundance.
